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BROWARD COUNTY SHORE PROTECTION PROJECT 
APPENDIX E 

GEOTECHNICAL REPORT 
 
 
INTRODUCTION 
 
E-1.  Segments II and III of the Broward County beach nourishment project will require approximately 
2.4 million cubic yards of fill (Figure E-1).  The quantity of fill is to be dredged from five offshore 
borrow areas located within Broward County (Figure E-2).  The borrow areas are located between 
0.25 miles to 1.0 miles offshore of the Broward County coastline and extend from the Broward-Palm 
Beach County line to Lauderdale-by-the-Sea.  In 1996, the seven borrow areas were surveyed and the 
data analyzed in order to determine the quality and quantity of sediment available for future beach 
nourishment projects (CPE, 1997).  In 1998 approximately 555,000 cubic yards of material was 
dredged from Borrow Area I and placed on Hillsboro Beach. 
 
E-2.  In June and July 1999 Broward County visually inspected the hardbottom locations to ground 
truth the 1997 side scan sonar survey.  Additional environmental investigations were conducted in 2001 
by CPE/Olsen Associates (J-V) and Nova University of the proposed borrow areas and the adjacent 
hardbottoms.  Two of the previously defined borrow areas BA-V and BA-VII were eliminated due to 
environmental and geotechnical concerns.  The boundaries of the remaining five borrow areas were 
redefined to avoid small hardbottom and rubble areas as well as scattered seagrasses within the 
proposed borrow areas and within the adjacent buffers.  The revised buffer ranges from 200 to 400 feet 
from the hard bottom communities as defined by the extensive environmental assessment of the adjacent 
communities. 
 
E-3.  Environmentally refining the remaining borrow areas reduced the total volume such that the 
required 50% additional fill material was not available.  To increase the volume, additional cores were 
approved by Broward County to investigate deeper sediment within the borrow areas that was mapped 
by the 1996 seismic survey, and indicated by the jet probes.  A larger vibracore was contracted in 
2001(Alpine, 2001) than was utilized in 1996.  The heavier Alpine rig was able achieve deeper 
penetration into and through the scattered rubble layers located within the unconsolidated sediments.  
Based on the sediment findings of the 2001 vibracores, the borrow area cut depths were increased. 
 
E-4.  The total available volume within the five borrow areas is 4.9 million cubic yards.  The mean grain 
size ranges between 0.43 mm and 0.31 mm. 
 
1997 AND 2001  STUDY PURPOSE AND SCOPE 
 
E-5.  In 1996 a geotechnical study of the seven borrow areas was conducted for the Broward County 
Department of Natural Resource Protection (CPE, 1997).  The 1997 geotechnical study was 
conducted in four phases.  In the first phase, a thorough literature search was conducted that reviewed 
available sources of geotechnical or physical information for Broward County.  The second phase 
involved field investigations which included taking jet probes to ground truth seismic information and 
vibracoring potential borrow areas, based upon previous studies.  Phase three involved the analysis of 
the acquired data and phase four was the delineation of the borrow
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areas available for beach nourishment.  The results of the 1997 study defined the best quality sediment 
source available for future nourishment projects. 
 
E-6.  In 2001additional vibracores cores were obtained to investigate the deeper sediment within the 
borrow areas as mapped by the 1996 seismic survey and indicated by the previous jet probes.  A 
Rossfelder P-3 electric powered vibracore with a 20 foot long barrel was used in 1996.  The 
Rossfelder vibracore was frequently impeded from penetrating to the total depth of the unconsolidated 
material by the rubble within the sediment deposit.  Even when the rig was jetted to the depth of the 
rubble layer it typically was unable to achieve full penetration due to its light weight.  An Alpine model 
271 B pneumatic configured to obtain cores 20 feet in length was utilized in 2001. The heavier Alpine 
rig was able to achieve deeper penetration into and through the scattered rubble layers seen in the 
seismic records and encountered by the 1996 cores.  The results of the 1997 study and 2001 
vibracores will be summarized in this appendix. 
 
GEOGRAPHIC AND GEOLOGICAL SETTING 
 
E-7.  Broward County is located on the southeast coast of Florida (Figure E-1).  Segment II of the 
beach nourishment project is located between Hillsboro Inlet and Port Everglades.  Segment III of the 
beach nourishment project is located between John U. Lloyd Park and the South County line.  The five 
borrow areas are located offshore of the Broward County coastline as identified in Figure E-2. 
 
E-8.  The continental shelf along the southeast coast of Florida varies in width from a few miles to 
slightly greater than one mile (Raymond, 1972).  The shelf is narrowest between Palm Beach and Miami 
and consists of three step-like terraces (Raymond, 1972).  These terraces coincide with the first, 
second and third reef flats outlined by Duane and Meisberger (1969).  Relict barrier reefs form 
intermittent ridges at the seaward edges of each terrace (Raymond, 1972).  The reefs trend parallel to 
the approximately north-south oriented shoreline. 
 
E-9.  South of approximately 26°20'N, the shelf surface rises from the outermost reef system to the 
shore in a series of step-like linear flats separated by rocky irregular slopes and ridges marking the 
former position of paleoshoreline (Finkl, 1994).  North of 26°20'N, the step-like character of the 
topography gives way to a more or less constant sediment slope extending from shore to near the outer 
reef line.  Intrareefal flats are covered with calcareous sands, limestone gravels, and intercolated clays 
and silt.  The inner shore zone is characterized by sandy beaches, large tracts of unconsolidated 
sediments and hard grounds including Sabellariid worm reefs (Finkl, 1994). 
 
GEOTECHNICAL INVESTIGATIONS 
 
Previous Investigations  
 
E-10.  There are a number of offshore geotechnical studies and marine surveys that have been 
conducted in Broward County.  The studies are chronologically summarized in CPE (1997). 
 
1997 GEOTECHNICAL STUDY OF OFFSHORE SAND DEPOSITS 
 
E-11.  The offshore geotechnical surveys consisted of seismic, side scan, bathymetric surveys, probes, 
and vibracoring.  The limits of the study area are between the Broward-Palm Beach County line to 
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Lauderdale-by-the-Sea and between the -10 foot NGVD contour and about 1.5 miles offshore.  The 
results of the 1997 offshore geotechnical investigation are described below. 
 
1997 Borrow Area Sediment Characteristics  
 
E-12.  The seven (7) borrow areas identified in 1997 lie from 0.25 to 1.0 mile offshore in water depths 
of 25.5 feet to 74 feet NGVD.  Four (4) borrow areas are identified in the 2nd intrareefal flat and three 
(3) in the 3rd intrareefal flat.  The combined borrow areas provide approximately 4.40 million cubic 
yards of sand as potential beach fill material (CPE, 1997).  The light gray to dark gray medium grained 
sand sediments are a mixture of calcium (coquina shell fragments, reef fragments, skeletal fragments of 
marine organisms) and silica sands in the form of quartz.  Mean grain size falls into the range 0.25 to 
0.41 mm, sorting averages 0.80 to 1.38, and the overall silt content varies from 1.7 to 6.8%.  Table E-1 
presents a summary of the sediment characteristics determined for the seven borrow areas in the 1997 
study. 
 
 

TABLE E-1 
 

1997 BORROW AREA SEDIMENT CHARACTERISTICS 
 

Borrow 
Area 

Average 
Depth of 

Cut (ft.) (1) 

Volume of 
Sand (cy) (1) 

Mean Grain 
Size (mm) 

Mean Grain 
Size (phi) 

Mean 
Sorting (phi) 

Mean 
Silt/Clay 

(%) 
I 6.0 988,426 0.36 1.49 0.92 1.7 
II 6.1 1,422,197 0.30 1.73 0.79 1.7 
III 7.2 716,683 0.41 1.28 1.38 4.6 
IV 6.0 295,342 0.32 1.65 0.97 2.4 
V 7.6 344,057 0.25 1.98 1.14 6.8 
VI 7.6 300,280 0.41 1.28 0.90 2.6 
VII 7.0 361,480 0.42 1.24 1.30 3.3 

TOTAL (cy) 4,425,465     
 
Note:  (1)  Based on 1997 borrow area limits and preliminary design dredge cuts.  Borrow area limits 
and dredge cuts have been revised in this GRR (see Table E-2). 
 
 
Bathymetric Survey 
 
E-13.  The 1997 bathymetric survey was conducted to determine the offshore contour configuration 
and identify offshore sand resources.  The survey occurred between the seaward edge of the first reef 
and the shoreward edge of the third reef, inclusive of the two intrareefal intervening flats (CPE, 1997).  
The shallowest depth of the survey area was 10 feet and the deepest was 72 feet NGVD (CPE, 1997).  
In February 1998 Borrow Area I was resurveyed following the removal of approximately 555,000 
cubic yards of sand that was placed on Hillsboro Beach.  Plates E-1 through E-5 show the results of the 
1997 bathymetric survey of Borrow Areas II, III, IV, and VI and the February 1998 post construction 
survey of Borrow Area I. 
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Isopach - Sediment Thickness 
 
E-14.  Isopach maps were developed by comparing the record results of the 1996 seismic survey with 
the 1996 and 2001 vibracore and jet probe data.  A side scan sonar survey was conducted in order to 
identify the offshore hardbottom features.  Comparing the seismic survey and side scan sonar survey 
verified the location of hardbottom areas and potential borrow areas.  Comparing the vibracore and jet 
probe data with the seismic survey records provided the information used to determine the thickness of 
the unconsolidated sediment.  The 1997 isopach maps (Plates E-6 through E-10) have been updated to 
reflect the results of the 2001 cores. 
 
E-15.  In June and July 1999, Broward County divers conducted a visual inspection of the hardbottom 
communities located within the vicinity of the borrow areas.  The survey was conducted to ground truth 
the April 1996 side scan sonar survey. 
 
E-16.    Additional environmental investigations of the proposed borrow areas and the adjacent 
hardbottoms were conducted in 2001 by CPE/Olsen Associates (J-V) and Nova University.  These 
investigations developed comprehensive physical maps of the nearshore and offshore hardbottom areas 
in Broward County, which were used to verify and refine reef line delineation of hardbottom habitat 
edges.  Two of the previous defined borrow areas BA-V and BA-VII were eliminated due to 
environmental concerns. The boundaries of the remaining five borrow areas were redefined to avoid 
small hardbottom and rubble areas as well as scattered seagrasses within the proposed borrow areas 
and within the adjacent buffers. The revised buffer ranges from 200 to 400 feet from the hard bottom 
communities as defined by the extensive environmental assessment of the adjacent communities. 
 
Jet Probe and Vibracore Locations 
 
E-17.  Jet probes were used to confirm the thickness of the sediment horizons determined from 
evaluation of seismic records.  The probes allowed for the confirmation of the depth of such features as 
bedrock and shell hash or rubble layers.  The probes also provided a rough visual estimate of the 
silt/clay portion of the sediments, based on the extent of turbidity created from the probing activity.  In 
all, 70 jet probes were conducted.  The jet probe logs are presented in Sub-Appendix E-1 for each 
borrow area.   
 
E-18.  A total of 72 vibracores were conducted during the 1996 offshore geotechnical study and 
twenty-six (26) in 2001.  Vibracoring was carried out in water depths ranging from 28.0 feet to 74.0 
feet NGVD.  Vibracore logs for each borrow area are presented in Sub-Appendix E-2.  
 
E-19.  The cores were split longitudinally into two approximately equal halves.  One half was 
photographed and retained for archival purposes.  After completion of logging of the macroscopic 
characteristics, samples were taken from the other half for grain size analyses. 
 
Sediment Analysis 
 
E-20.  Mechanical sieve analyses of sediment samples were carried out in accordance with the 
American Society for Testing and Materials (ASTM), Standard Materials Designation D422-63 for 
particle size analysis of soils (ASTM, 1987).  This method covers the quantitative determination of the 
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distribution of sand size particles.  The procedure used for analysis of the sediment samples is outlined in 
the 1997 geotechnical study.  The results were entered into a gradation analysis computer program 
which calculates the mean, median, sorting and silt/clay percentages for each sediment sample.  The 
sediment characteristics were computed using the moment method of analysis which utilizes the entire 
sample results to compute the mean and sorting. 
 
E-21.  Sample Statistics.  One hundred ninety (190) sediment samples were obtained from the 72 
vibracores collected in 1996.  One hundred eleven (111) samples were analyzed from the 26 
vibracores taken in 2001.  The moment method was used to determine the mean grain size, sorting, and 
percent silt/clay for each vibracore sample.  Grain size distribution curves were plotted based on the 
sieve results of each sample.  Sub-Appendix E-3 presents the gradation analysis reports and Sub-
Appendix E-4 presents the grain size distribution curves. 
 
E-22.  Composite Grain Size.  The composite sediment characteristics for each core and subsequently 
each borrow area was determined from using a weighted average method analysis (Sub-Appendix E-
5).  The weighted averaging method allows for each individual sample to represent the total layer from 
which it was obtained.  Samples for size analyses were taken from each of the layers within the cores.  
The average mean grain size, percent silt, and sorting for each borrow area was computed by averaging 
the weighted results for all cores within each borrow area to the depth of cut.  Table E-1 summarizes 
the composite sediment characteristics for the five borrow areas. 
 
E-23.  Sediment Composition.  Eight sediment samples were obtained from the 72 vibracores and were 
tested to analyze the calcium carbonate content of the sediment.  One representative vibracore from 
each borrow area was selected with the exception of Borrow Area II, where two representative 
vibracores were selected.  The 1997 geotechnical study concluded that the medium to coarse grained 
sand was found to be more calcareous in composition than arenitic (siliceous).  The silica content of the 
sediment generally decreases to the south (50.3% to 25.6%) as calcium carbonate content increases 
(48.1% to 72.0%) (CPE, 1997).  One representative vibracore from the 2001 cores within each 
borrow area was also sampled and tested to determine the calcium carbonate content of the proposed 
fill material.  The 2001 vibracores composition was found to be similar to the previous analysis showing 
an increase in calcareous content and a decrease in silica from north to south. The offshore most borrow 
area within the 3rd intrareefal flat exhibited the highest calcareous composition (92.2% carbonate 
content).  Similar trends were observed for the existing beaches.  Samples collected from the Segment 
II and III berms were found to contain 55% and 84% calcium carbonate, respectively.  Since beaches 
in both Segments have been nourished, calcium carbonate contents are directly related to the calcium 
carbonate contents of the previous borrow areas. 
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TABLE E-2 
 

BROWARD COUNTY BORROW AREAS SEDIMENT COMPOSITION 
 

 

BORROW AREA SAMPLE NUMBER 
ESTIMATED 

QUARTZ 
CONTENT (%) 

ESTIMATED 
CALCIUM 

CARBONATE 
CONTENT (%) 

BA-I 
BV96-44#1 
BC96-44#2 

BCVC-01-02#3 

51.9 
45.5 
30.9 

48.1 
54.5 
69.1 

BA-II 

BC96-29#1 
BC96-29#2 
BC96-39#2 

BCVC-01-10#2 

40.1 
42.8 
45.6 
30.7 

59.9 
57.2 
54.4 
69.3 

BA-III 
BC96-50#1 
BC96-50#2 

BCVC-01-14#2 

6.5 
14.4 
7.8 

93.5 
85.6 
92.2 

BA-IV 
BC96-54#2 
BC96-54#3 

BCVC-01-17#1 

28.6 
43.9 
30.4 

71.4 
56.1 
69.6 

BA-V 
BC96-71#2 

BCVC-01-20#2 
26.4 
6.5 

73.6 
93.5 

BA-VI 
BC96-24#1 
BC96-24#2 

BCVC-01-21#1 

27.6 
28.0 
27.6 

72.4 
72.0 
72.4 

BA-VII 
BC96-25#1 
BC96-25#3 

BCVC-01-23A#2 

25.6 
27.5 
7.7 

74.4 
72.5 
92.3 

 
DELINEATION OF BORROW AREAS 
 
E-24.  Based on the geotechnical investigations and environmental assessments conducted in 2001, five 
(5) potential borrow areas were identified.  Four borrow areas were identified in the 2nd intrareefal flat 
and one in the 3rd intrareefal flat.  Borrow Areas I, II and III are located north of Hillsboro Inlet, 
whereas the remaining two lie to the south.  A 200 to 400-foot buffer zone is used to protect adjacent 
hardbottom communities (Plates E-1 to E-10).  Figures E-3 to E-8 show typical cross-sections of sand 
thickness within the five borrow areas.  The location of the cross-sections are shown on Plates E-1 to 
E-5 of the bathymetric survey and Plates E-6 to E-10 of the isopach maps.  Cores shown on the cross-
sections do not all fall directly on the line but have been assumed to contain material that is similar to 
what is present along the cross-section. 
 
E-25.  Table E-3 shows the total area and estimated quantity of sand of each borrow site based on the 
increased buffer zone and revised borrow area limits.  The selected borrow areas range in size from 
140.1 acres (Borrow Area II) to 8.6 acres (Borrow Area VI).  The amount of sand available
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from these borrow sites ranges from 2,482,000 cubic yards (Borrow Area II) to 84,000 cubic yards 
(Borrow Area IV).  The total volume identified within the five borrow areas is approximately 4.9 million 
cubic yards of sand.  The mean grain size, as determined from size analysis, ranges from 0.43 mm 
(Borrow Area III) to 0.31 mm (Borrow Areas II and III).  The composite silt content ranges from 4.38 
percent in Borrow Area III to 1.86 percent in Borrow Area II (Table E-3). 
 
E-26.  The 1997 geotechnical investigation identified the presence of layers of coral rubble and 
fragments in the sand recommended for use in each borrow area.  Due to the variability of the depth of 
the rock rubble layers throughout the sediments, the recommended borrow area dredge depths vary.  
The allowable dredge depths are shown on Figures E-3 to E-8.  The dredge cuts contain varying levels 
of discontinuous rock rubble which will reduce the volume of available sand.  Table E-3 shows the 
volume of available sand by reducing the dredge volumes by the estimated rock percentage and the 
percentage of silt/clay (Table E-3).  The total sand volume is 4,489,000 c.y. 
 
 

TABLE E-3 
 

REVISED AVAILABLE BORROW AREA VOLUMES AND SEDIMENT DATA 
INCORPORATING THE 2001 CORES WITH THE 1996 DATA 

 
 
 

       
B.A. NO.      TOTAL 

   BORROW             
AREA    
VOLS.   

Borrow Area 
Surface  
Area          

Rubble and 
Coral 

fragments 
greater than 

¾ inches 
 
 

Mean 
Silt/Clay   

Mean Grain 
Size 

CLEAN SAND 
VOLUME (1) 

         (cy)           (Acres) % % (mm) (cy) 
       
I 1,724,000 108.0 9.5 2.0 0.39 1,529,000 
II 2,482,000 140.1 6.0 1.9 0.31 2,288,000 
III 560,000   38.1  7.5 4.4 0.43 495,000 
IV 84,600   10.5 4.5 2.6 0.31 78,000 
V Borrow area eliminated due to environmental concerns 

VI 106,000   8.6  4.5 2.1 0.42 99,000 
VII Borrow area eliminated due to environmental concerns  

       
TOTAL 4,956,000      4,489,000 

 
 Note:  (1) Clean Sand Volumes reflect remaining sand after silt and rock have been removed. 
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NATIVE BEACH SEDIMENT SAMPLING AND ANALYSIS 
 
E-27.  In May 1999, a sediment sampling program was carried out along the Segment II and Segment 
III shorelines of Broward County.  Samples were obtained from the dune and mid-berm at every third 
FDEP monument in southern Pompano Beach and northern Ft. Lauderdale (from R-33 to R-75) and in 
John U. Lloyd Beach State Recreation Area, Dania, Hollywood, and Hallandale (from R-87 to R-126).  
Also, sediment samples were taken along the profile from the dune to the –16 ft NGVD contour at 
every sixth FDEP monument in the southern Pompano Beach and northern Ft. Lauderdale (from R-36 
to R-74) and in John U. Lloyd Beach State Recreation Area, Dania, Hollywood, and Hallandale (from 
R-87 to R-126). 
 
E-28.  The sediment sampling scheme used to collect the samples across the beach profile was based 
upon the guidelines outlined by CERC (1991).  The samples were generally collected at the toe of the 
dune, mid berm, MHW, MTL, MLW, -4ft NGVD, -8ft NGVD, -12ft NGVD, and -16ft NGVD.  
Grain size distributions of the existing beach sediments were determined using standard sieving 
techniques. The mean grain size, sorting, and silt content along each profile line are shown in Table E-4 
for Segment II and Table E-5 for Segment III. 
 
E-29.  Due to wave action and shell content, the swash zone contains unusually large sediment size 
characteristics that do not appear to contribute to the berm or submerged profile shapes.  The 
anomalous sand sizes range from 0.7 mm to 1.2 mm and were removed from the analysis.  A weighted 
average of the samples taken along the profile lines was calculated between the dune and –13.5 ft 
NGVD (the average depth of closure for Segment II) and the dune and –12.5 ft NGVD (the average 
depth of closure for Segment III).  The results are presented in Tables E-5 and E-6.  The native beach 
composite sediment characteristics, based on the weighted averages, are shown at the bottom of Tables 
E-6 and E-7 for each Segment. 
 
E-30.  The mean grain size of the native beach in southern Pompano Beach and Lauderdale-by-the-Sea 
are 0.27 mm and 0.29 mm, respectively.  The sorting values for these areas are 0.69 phi and 0.70 phi, 
respectively.  The silt contents are 1.54% and 0.82%, respectively.  The mean grain size, sorting, and 
silt content values for Ft. Lauderdale are 0.33 mm, 0.83 phi, and 1.65%, respectively. 
 
E-31.  The mean grain size of the native beach along the John U. Lloyd Beach State Recreation Area 
and Hollywood/Hallandale (Segment III) are 0.33 mm and 0.37 mm, respectively.  The sorting value for 
these areas is 0.72.  The silt contents are 1.15% and 1.07%, respectively. 
 
Beach Compatibility 
 
E-32.  The compatibility of the borrow area with Segments II and III native beach sand is discussed in 
Appendices A and B, respectively. 
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CONCLUSIONS 
 
E-33.  The five borrow areas located offshore of Broward County can be utilized for purposes of beach 
nourishment for Segment II and Segment III.  Using a 200 to 400-foot buffer from the adjacent 
hardbottom communities, the total dredge volume of beach compatible sand is 4.489 million cubic 
yards.  The total estimated volume of sand required to renourish Segment II and Segment III is 
approximately 2.4 million cubic yards.  Based on the estimated volume, the borrow areas provide for 
187% of the required volume. 
 
E-34.  While there is adequate sand for the next nourishment, the remaining nourishments, in the 
authorized project lives, will require approximately 900,000 cubic yards of beach compatible sands 
above that which is currently identified.  Known sources of beach compatible sand exist both upland 
and further north along the coast which could be utilized for the last nourishment. 
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